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Abstract
Cultural diversity helps to make our world rich and vital. The world’s population of indigenous people now numbers some 350 mil-
lion individuals representing nearly 6000 languages and cultures. However, if nothing is done, half of those languages spoken today
will disappear by the end of this century. The Fifth InternationalWorkshop on Spoken Language Technologies for Under-Resourced
Languages (SLTU 2016) was organized to provide a forum for researchers and industrial counterparts to share achievements and
challenges in all areas related to natural language processing and spoken language processing of under-resourced languages, in-
cluding: linguistic studies of under-resourced languages, resources acquisition of text and speech corpora, zero resource speech
technologies, cross-lingual/multi-lingual acoustic and lexical modeling, speech recognition and synthesis for under-resourced lan-
guages, machine translation and natural language processing for under-resourced languages, and applications of spoken language
technologies for under-resourced languages. SLTU 2016 is the ﬁfth in a series of even-year SLTU Workshops. Four previous
Workshops were organized: SLTU’14 in St. Petersburg (Russia), SLTU’12 in Cape Town (South Africa), SLTU’10 in Penang
(Malaysia), and SLTU’08 in Hanoi (Vietnam). SLTU 2016, which is adopted as ISCA ITRW, will be held on May 9-12, 2016,
in Yogyakarta (Indonesia), a centre of classical Javanese culture. There are more than 700 ethnic languages spoken in Indonesian
archipelago, but 146 are endangered. Therefore, SLTU 2016 has special focus on under-resourced languages and endangered lan-
guages. SLTU 2016 continues the tradition of previous SLTUs that feature a number of distinguished keynote speaker, and this
year, for the ﬁrst time, SLTU will also oﬀer Interactive Tutorial on ASR-Kaldi and TTS-Festival on Under-Resourced Language.
Independently of the scientiﬁc actions we will provide excellent possibilities for acquaintance with cultural and historical valuables
of Yogyakarta city and its beautiful surroundings.
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1. Foreword by SLTU 2016 Workshop Chair and Co-Chairs
We are very pleased to welcome participants to this ﬁfth InternationalWorkshop on Spoken Language Technologies
for Under-Resourced Languages (SLTU 2016) in Yogyakarta, Indonesia. This year, SLTU 2016 comprises 35 papers
that have been selected from submissions for oral and poster presentations at the Workshop. Each paper was carefully
reviewed by 2-4 scientiﬁc committee members. The authors and co-authors of the papers originate from 4 continents
(Africa, Asia, Europe and North America) and 18 countries (Belgium, Czech Republic, France, Germany, Iceland,
India, Indonesia, Japan, Malaysia, Myanmar, Netherlands, Russia, Singapore, South Africa, Spain, Thailand, USA,
Vietnam). This book is the proceedings of the Fifth International Workshop on Spoken Language Technologies for
Under-Resourced Languages (SLTU 2016).
SLTU 2016, labelled this year as an ISCA ITRW, continues the tradition of previous SLTUs, will feature 3 dis-
tinguished keynote speakers: Steven Bird (University of Melbourne, Australia / University of California Berkeley,
USA), Stavros Tsakalidis (BBN, USA) and Ming Kuok Lim (UNESCO, Indonesia). This year, for the ﬁrst time,
SLTU 2016 will oﬀer 2 interactive tutorials (including experiments): ASR-Kaldi on Under-Resourced Language by
Sanjeev Khudanpur (JHU, USA) and team, as well as TTS-Festival on Under-Resourced Language by Richard Sproat
(Google) and team. SLTU 2016 will also have panel discussions, in which various institutions that have been working
on under-resourced languages will come and sit together to discuss the “Future of Under-Resourced Languages”.
It is an honor to organize SLTU 2016 that involve experts from around the world. The workshop chair and co-chairs
comprise multi-countries including Japan, Indonesia, France, and Vietnam. The scientiﬁc committee also comprises
41 experts in natural language processing and spoken language processing come from 17 countries (Australia, Bel-
gium, China, France, Finland, Germany, Indonesia, Japan, Malaysia, Portugal, Russia, Singapore, South Africa,
Spain, UK, USA, Vietnam).
We would like to express our sincere thanks to all members of the scientiﬁc committee and authors for their great
work in making this event a scientiﬁcally recognized International Workshop. Special thanks also to all organizers
from NAIST (Japan), UI (Indonesia), ITB (Indonesia), LIG (France), LIA (France), MICA (Vietnam) and MyProKo-
munika (Indonesia). Last but not least, we would like to extend our thanks to all our sponsors: Google as platinum
sponsor, BBN and CNRS as bronze sponsors, ISCA and Amazon for travelling grants, as well as to all our supporters:
ISCA association, UNESCO, and Wonderful Indonesia.
Many thanks for coming to Yogyakarta, we wish you a successful and enjoyable SLTU 2016 Workshop!
SLTU 2016 Workshop Chair/Co-Chairs:
Sakriani Sakti, Mirna Adriani, Ayu Purwarianti,
Laurent Besacier, Eric Castelli, Pascal Nocera
2. Keynote Speakers, Tutorials and Panel Discussions
2.1. Keynote Speakers
• Speech Translation and Language Revitalisation
Steven Bird
University of Melbourne, Australia /
University of California Berkeley, USA
– Abstract:
Thanks to the spread of mobile broadband, we can expect that speakers of all of the world’s languages will
have access to social media by the end of the present decade. Social mobile technologies are giving birth to
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new online communities that span ancestral homelands and urban diasporas, and present opportunities and
threats for the world’s linguistic diversity. As a case in point, there is an ongoing contest for recognition
in the symbolic public space represented by mobile apps, where the citizenship of ethnic minorities is
not established. Apps for indigenous language dictionaries sit in the app store alongside apps in which
indigenous people have the status of animals to be hunted and killed. Meanwhile, the world’s cultural
and linguistic diversity continues to fade away, and with it, people’s sense of belonging to their place
and their community, and their sense of safety and wellbeing in the digital era. In this presentation,
I will report on new methods to reconnect indigenous and immigrant communities across generations,
language, and distance, promising widespread participation in the grand challenge of documenting the
world’s small languages. The most scalable form of documentation for the 95% of languages that are
eﬀectively unwritten is phrase-aligned audio recordings, and I will report on new work on alignment
using recurrent neural networks, which aims to support the production of bilingual materials for language
revitalisation and linguistic research.
– Biography:
Steven Bird is researching newmethods for documenting and revitalising the thousands of small languages
still spoken in the world today. His career began with a BSc and MSc in computer science at Melbourne
University, followed by a PhD in computational linguistics from Edinburgh University, completed in 1990.
Since then he has worked at the Universities of Edinburgh, Pennsylvania, Melbourne, and Berkeley, and
conducted ﬁeldwork in Australia, West Africa, Melanesia, Amazonia, and Central Asia. He is co-author
of a popular textbook in computational linguistics, and recently developed a new computer science cur-
riculum for secondary students which has been adopted in Australian schools. The Aikuma app developed
with his students took out the grand prize in the Open Source Software World Challenge.
• The BABEL Program: Challenges and Lessons Learned Working with Twenty-Four Under-Resourced
Languages
Stavros Tsakalidis
BBN, USA
– Abstract:
Never before has been such a systematic eﬀort to collect and transcribe large amounts of speech from a
broad set of under-resourced languages. During the past three years of the Babel Program we encountered
twenty-four languages with a variety of phonotactic, phonological, tonal, morphological, and syntac-
tic characteristics. In this talk I will present the challenges we faced, the advanced speech recognition
techniques we developed, and the lessons we learned while working with languages such as Amharic,
Assamese, Cebuano, Dholo, Guarani, Igbo, Kurmanji, and Tok Pisin. I will also describe our work to-
wards understanding the reasons for diﬀerences in speech recognition performance across languages and
predicting the performance for a new language.
– Biography:
Dr. Tsakalidis, a Lead Scientist at BBN Technologies, received the B.A. Degree from the Technical
University of Crete (TUC), in 1998, the M.S. and Ph.D. degrees from the Johns Hopkins University, in
2005, all in electrical engineering. His expertise includes areas such as discriminative training, speaker
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adaptation, acoustic modeling with low resources, and keyword spotting. He is currently the Principal
Investigator on the IARPA Babel Program, which focuses on developing Keyword Spotting technology
that can be rapidly applied to any human language. In early 2015, he led a global multi-team eﬀort for the
IARPA ASPIRE Challenge that aimed to develop approaches to mitigate the eﬀects of noisy and reverber-
ant acoustic environments. In 2011, he led the research in the spoken content analysis component for event
detection in videos for the IARPA ALADDIN program. From 2007 to 2010, he was the key contributor in
the development of BBNs speech-to-speech translation system for the DARPA TRANSTAC program. At
JHU, he developed discriminative training procedures that employed linear transforms for feature normal-
ization. At TUC, he designed a novel acoustic model for SRI’s DECIPHER system combining subvector
quantization and mixtures of discrete distributions.
• UNESCO’s Role and Record in Promoting Linguistic Diversity and Multilingualism in Cyberspace
Ming Kuok Lim
UNESCO, Indonesia
– Abstract:
Linguistic diversity is an integral part of cultural diversity. It has the capacity to reconcile the emotions,
ideas and values of people from diverse cultural, social, economic and professional backgrounds. It is
a key contributor to dialogue, tolerance and peace. Language also plays a part in the construction and
expression of individual and collective identity, being an intangible but invaluable resource which is hard
to acquire but, once acquired, easy and rewarding to share. For these reasons it is a cause for serious
concern that over 50% of some 6700 languages spoken today are in danger of disappearing. Many other
languages will disappear in the near future and some will lose their inﬂuence and relevance at global,
national and local levels. This threat should be seen in a context where, in any case, only a very small
proportion (5%) of the world’s languages are present on the Internet. As part of UNESCO’s eﬀort to
safeguard endangered and under-resourced languages, the Organization published the ﬁrst edition of the
Atlas of the World’s Languages in Danger of Disappearing in 1996. Currently, the online version of the
Atlas includes data on 2467 endangered languages and provides essential information on their status along
with references to key resources.
– Biography:
Dr Ming-Kuok Lim is the Advisor for Communication and Information for UNESCO Oﬃce in Jakarta.
He has been involved in the global campaign to strengthen and raise awareness on freedom of expression,
press freedom, safety of journalists and the issue of impunity. Dr. Lim is part of them team at UNESCO
which supports capacity building for journalists, advises on media policy, and expanding journalism cur-
ricula to reﬂect the new Sustainable Development Goals (SDGs). He works with various partners to
encourage youth to develop mobile apps as well as promoting the use of indigenous languages on the
Internet. He holds a PhD in Mass Communications from Penn State University (United States). He was a
Fulbright Scholar as well a recipient of the Japanese Monbukagakusho Scholarship.
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2.2. Tutorials
• ASR-Kaldi Tutors
Sanjeev Khudanpur (JHU, USA)
Team:
– Sanjeev Khudanpur (JHU, USA)
– Jan Trmal (JHU, USA)
– Vijayaditya Peddinti (JHU,USA)
– Sarah Samson Juan (Unimas, Malaysia)
– Dessi Puji Lestari (ITB, Indonesia)
• TTS-Festival Tutors
Richard Sproat (Google)
Team:
– Richard Sproat (Google)
– Rob Clark (Google)
– Alexander Gutkin (Google)
– Martin Jansche (Google)
2.3. Panel Discussions
Various institutions that have been working on under-resourced languages will come and sit together to discuss the
Future of Under-Resourced Languages.
• Panelists:
– SLTU Board: Laurent Besacier (LIG, France)
– Zero Resource Speech Challenge: Emmanuel Dupoux (EHESS, France)
– Babel Project: Stavros Tsakalidis (BBN, USA)
– UNESCO: Ming Kuok Lim (UNESCO, Indonesia)
– Academia: Steven Bird (Uni-Melbourne, Australia)
– Industry: Martin Jansche (Google)
– Open-Source Software (Kaldi): Sanjeev Khudanpur (JHU, USA)
– Some Country Representatives
3. Organising Committees
• Workshop Chair
– Sakriani Sakti, NAIST, Japan
• Workshop Co-Chairs
– Mirna Adriani, UI, Indonesia
– Ayu Purwarianti, ITB, Indonesia
– Laurent Besacier, LIG, France
– Eric Castelli,MICA, Vietnam
– Pascal Nocera, LIA, France
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• Scientiﬁc Committee
– Martine Adda-Decker, LPP, France
– Mirna Adriani, UI, Indonesia
– Xavier Anguera, Telefonica, Spain
– Laurent Besacier, LIG, France
– Steven Bird, Uni-Melbourne, Australia
– Luong Chi-Mai, IOIT, Vietnam
– Eric Castelli, MICA, Vietnam
– Dirk Van Compernolle, KU Leuven, Belgium
– Marelie Davel, NWU, South Africa
– Emmanuel Dupoux, EHESS-ENS, France
– Andrew Finch, NICT, Japan
– Jim Glass, MIT, USA
– Charl van Heerden, NWU, South Africa
– Kristiina Jokinen, Uni-Helsinki, Finland
– Oliver Jokisch, HfTL, Germany
– Alexey Karpov, SPIIRAS, Russia
– Kate Knill, Uni-Cambridge, UK
– Daniil Kocharov, SPbSU, Russia
– Mariko Kondo, Uni-Waseda, Japan
– Lori Lamel, LIMSI, France
– Dessi Puji Lestari, ITB, Indonesia
– Haizhou Li, I2R, Singapore
– Brian Mak, HKUST, China
– Joseph Mariani, LIMSI&IMMI-CNRS, France
– Pedro Moreno, Google, USA
– Helen Meng, CUHK, China
– Satoshi Nakamura, NAIST, Japan
– Pascal Nocera, LIA, France
– Francois Pellegrino, Uni-Lyon, France
– Bhuvana Ramabhafran, IBM, USA
– Andrey Ronzhin, SPIIRAS, Russia
– Yoshinori Sagisaka, Waseda, Japan
– Sakriani Sakti, NAIST, Japan
– Tanja Schultz, Karlsruhe, Germany
– Pavel Skrelin, SPbSU, Russia
– Sebastian Stueker, KIT, Germany
– Tan Tien Ping, USM, Malaysia
– Ayu Purwarianti, ITB, Indonesia
– Isabel Trancoso, INESC ID, Portugal
– Stavros Tsakalidis, BBN, USA
– Thang Vu, Uni-Stuttgart, Germany
• Local Committee
– Mirna Adriani, UI, Indonesia
– Ayu Purwarianti, ITB, Indonesia
– Alfan Wicaksono, UI, Indonesia
– Bayu Distiawan, UI, Indonesia
– Dessi Puji Lestari, ITB, Indonesia
– Eka Pratiwi, MyProKomunika, Indonesia
• SLTU Board
– Laurent Besacier, LIG, France
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– Pascal Nocera, LIA, France
– Eric Castelli, MICA, Vietnam
– Tan Tien Ping, USM, Malaysia
– Etienne Barnard, NWU, South Africa
– Alexey Karpov, SPIIRAS, Russia
– Sakriani Sakti, NAIST, Japan
Acknowledgements
• Organized by:
• Sponsored by:
– Platinum
– Bronze
– Travel Grants
• Supported by:
